Antigen-reactive cells were isolated from the spleens of Mycobacterium lepraemurium-infected C57BL/6 mice on petri dishes coated with mycobacterial antigens. When adoptively transferred to syngeneic mice, the mycobacterial antigen-reactive cells were found to depress the induction and expression of the delayed-type hypersensitivity (DTH) reaction to M. lepraemurium antigens. The adoptive transfer of soluble suppressor factors (SF) secreted by these cells inhibited only the expression of DTH. The cells depressing the induction of DTH mainly belonged to the L3T4+ (CD4+) T-lymphocyte subset, whereas those depressing its expression differed from the L3T4+ and Lyt-2+ (CD8+) subsets. Treatment of M. lepraemurium-infected mice with SF reduced their mean survival time and enhanced the multiplication of bacilli at the site of infection and their dissemination to the spleen and liver. In vitro at least, SF appeared to interfere at the level of mycobacterial antigen recognition by T lymphocytes rather than at the levels of antigen processing and presentation by macrophages.
Suppressor cells have been found to develop in the spleens of various strains of mice during the course of infection with Mycobacterium lepraemurium (6, 30) . These suppressor cells can depress several in vitro immune functions, such as the T-cell proliferative response to polyclonal mitogens (30) , to alloantigens (12) , and to specific antigens (4) and the antibody response to sheep erythrocytes (6) . There is also evidence that these suppressor cells are involved in the depressed production of interleukin-2 (11, 31) and in the depressed expression of high-affinity interleukin-2 receptors in concanavalin A-activated spleen cells from M. lepraemurium-infected mice (31) . In general, the M. lepraemuriuminduced suppressor cells have been identified as T lymphocytes and/or macrophages (6, 30) . However, the exact phenotype displayed by the suppressor T cells is still a matter of controversy. In most of the above-mentioned studies, cellular depletion techniques were used for the purification and characterization of M. Iepraemurium-induced suppressor cells and for the study of their immune properties. Recent results from our laboratory (24) have shown that M. lepraemurium-induced suppressor cells, at least those involved in the inhibition of T-cell proliferative responses to mitogens and antigens, can be isolated on petri dishes coated with mycobacterial antigens and that these cells have the ability to release suppressor factors (SF) in culture supernatants. The purpose of the present study was to investigate by means of adoptive-transfer experiments some of the biological properties of these antigen-reactive suppressor cells and of SF derived from them.
Suppressor cells were found able to depress both the induction and the expression of the delayed-type hypersensitivity (DTH) response to mycobacterial antigens, whereas SF inhibited only the expression of this cutaneous reaction. In addition, SF-containing culture supernatants interfered * Corresponding author.
with the mechanisms of acquired resistance to M. lepraemurium infection, as demonstrated by the reduction of the mean survival time of infected mice and the enhancement of acid-fast bacterial growth at the site of infection and the dissemination of acid-fast bacteria to the spleen and liver.
MATERIALS AND METHODS
Microorganisms. The Hawaiian strain of M. lepraemurium was maintained by serial passages in C57BL/6 female mice as previously described (30) . When needed, fresh bacilli were isolated from the livers or spleens of infected mice and counted by the slide technique of Shepard and McRae (27) . Mycobacterium avium (TMC 706; obtained from the Trudeau Mycobacterial Culture Collection, Saranac Lake, N.Y.) was also used because of its very high DNA relatedness (>85%) to M. lepraemurium (2) and its ability to induce a proliferative response in spleen cell cultures from M. lepraemurium-sensitized mice (unpublished observations). It was cultured as a pellicle on the surface of Sauton medium, and the bacilli were harvested by centrifugation (1, (27) .
Priming of macrophages. Resting peritoneal macrophages from normal mice were obtained by peritoneal washings with 15 ml of cold RPMI 1640 medium containing 0.5% heparin (Linson, Montreal, Quebec, Canada), followed by 2 h of incubation of 3 ml of peritoneal cells (107 cells per ml) on plastic petri dishes coated with Teflon. The adherent cells were collected by scraping the dishes with a rubber policeman in the presence of 0.02% EDTA (J. T. Baker Chemical Co., Phillipsburg, N.J.), adjusted to 106 cells per ml, and incubated at 37°C in a humidified atmosphere of 5% CO2 with M. avium antigens (75 pLg/ml) in the presence of SF-containing supernatants at a dilution of 50% (vol/vol). Sensitization of T lymphocytes. The T-cell-enriched population from normal mice (5 x 106 cells per ml) was incubated with the antigen-primed macrophages in plastic petri dishes at a ratio of 10:1 in the presence of SF-containing supernatants (50% [vol/vol]). After 4 h of incubation at 37°C in a humidified atmosphere of 5% C02, the plastic-nonadherent, sensitized T cells were washed three times in RPMI 1640 medium and 5 x 106 cells in 40 ,ul were injected subcutaneously in an admixture with a sonicated preparation of M. lepraemurium (equivalent to 10' bacilli) into the left hind footpad of normal syngeneic mice. The reading of the DTH reaction was done at 24 and 48 h after local transfers as described above.
Statistical analysis. Statistical significance was determined with the Student t test; P < 0.05 was considered significant. 
RESULTS
T-cell-enriched populations from the spleens of M. lepraemurium-infected mice and from age-matched control mice were incubated in plastic dishes coated with a sonic extract of M. avium to isolate the mycobacterial antigen-reactive cells. The results (means from eight experiments ± standard deviations) revealed that 12.5% ± 2.5% of splenic T cells from infected mice and 3.6% ± 1.4% of those from normal mice had the capacity to adhere to mycobacterial antigencoated dishes. Dishes coated with a sonic extract of Corynebacterium sp. had also the capacity to retain splenic T cells. However, the relative numbers of retained cells were about the same (ca. 4.0%) for the T-cell-enriched populations originating from M. lepraemurium-infected or normal mice.
The three bacterial extracts were analyzed by electrophoresis on sodium dodecyl sulfate-polyacrylamide after having been boiled and reduced. The M. lepraemurium and M. avium sonic extracts were composed of 20 to 25 protein species ranging in molecular masses from about 100 kDa to about 15 kDa (Fig. 1, lanes B and C) . Major qualitative and quantitative differences existed between these two mycobacterial preparations. Many more (at least 40) protein species were observed in the Corynebacterium sp. extract (Fig. 1,   lane D) .
Effects of adoptive transfer of mycobacterial antigen-reactive cells and culture supernatants derived from them on the DTH response to mycobacterial antigens. Mycobacterial antigen-reactive cells isolated from the spleens of mice infected i.v. 9 weeks earlier with M. lepraemurium and known to possess suppressor activity in vitro (24) were adoptively transferred i.v. to mice prior to and 5 weeks after subcutaneous infection with M. lepraemurium to study their effects on the induction and expression of the DTH reaction to M. lepraemurium antigens. The unseparated population of antigen-reactive cells had the ability to depress the induction (P < 0.001) and the expression (P < 0.01) of DTH to M. lepraemurium antigens (Fig. 2) . The antigen-nonreactive spleen cells, that is, those which did not adhere to antigencoated dishes, were devoid of such properties (data not shown). Surprisingly, the culture supernatant derived from the unseparated population of mycobacterial antigen-reactive cells had the capacity to depress the expression (P < 0.01) but not the induction of DTH, results which were in good agreement with our previous results obtained when culture supernatants derived from the whole spleen cell population were used (25) .
In an attempt to characterize the phenotypes of these suppressor cells, we treated the unseparated population with anti-L3T4-complement and anti-Lyt2-complement prior to adoptive transfer. The depression of the induction of DTH was maintained after the anti-Lyt2 treatment, whereas a significant loss (P < 0.01) of the suppressive activity was observed after the anti-L3T4 treatment (Fig. 2) . These results were interpreted to indicate that the depression of the induction of DTH was mediated by antigen-reactive L3T4+ suppressor T cells. In the expression model, however, the treatment of antigen-reactive cells with both antisera did not significantly reduce their suppressive activity, indicating that the depressed expression of DTH could be mediated by a cell population different from these two T-cell subsets (Table 1 ). In contrast, in mice treated with culture supernatants at 5 weeks postinfection (expression model), a significant increase in the number of acid-fast bacilli at the infection site and in the spleen and liver was observed. In addition, the mean survival time of SF-treated mice was shorter than that of control mice. These results were not due to M. lepraemurium bacilli contaminating the SF-containing supernatants, since these supernatants were filtered through a 0.22-,um-pore-size membrane prior to adoptive transfers to eliminate free bacilli. On the other hand, the possibility of desensitization of recipient mice by soluble M. lepraemurium antigens cannot be completely excluded. Effects of SF on the priming of macrophages and the sensitization of T cells. To study the mechanism of action of SF on the depressed expression of DTH to mycobacterial antigens, we first primed normal macrophages and T-cellenriched populations in vitro in the presence or absence of SF. Then, the in vitro sensitized nonadherent cells were adoptively transferred in an admixture with M. lepraemurium antigens to the footpads of normal mice. When normal macrophages were primed with mycobacterial antigens and then placed in contact with normal T lymphocytes, the latter cells became sensitized, since they acquired the capacity to transfer a positive DTH-like reaction ( Table 2 , group 1). In the absence of primed macrophages (group 2) or when in vitro sensitized T lymphocytes were injected without mycobacterial antigens (data not shown), no transfer of a positive DTH-like reaction was observed. The presence of SFcontaining supernatants in the culture medium did not interfere with the priming of macrophages, since SF-treated macrophages induced T-cell sensitization which, upon adoptive transfer, induced a DTH-like response (group 3). On the other hand, the presence of SF at the time of T-cell sensitization with the antigen-presenting cells markedly reduced the DTH-like response (group 4). It would appear, therefore, that SF can interfere at the level of T-cell sensitization rather than at the level of macrophage priming.
DISCUSSION
The present study clearly demonstrates that cells depressing both the induction and the expression of the DTH response to mycobacterial antigens are present in the spleens of M. lepraemurium-infected C57BL/6 mice and that many (if not all) of these suppressor cells can be positively selected on petri dishes coated with mycobacterial antigens. These suppressor cells appear to be specific for mycobacterial antigens, since they were not retained on petri dishes coated with antigens prepared from Corynebacterium sp. and since they did not inhibit, upon adoptive transfer, the induction of the DTH reaction to sheep erythrocytes (data not shown). The ability of M. lepraemurium-induced suppressor cells to react with mycobacterial antigens would suggest the presence of antigen-specific T-cell receptors and/or idiotypes on their surfaces. In fact, T-cell receptors have recently been shown to be present on the surfaces of some suppressor T-cell clones (10, 28) . Mycobacterial antigen-reactive suppressor cells have also been found by Campa et al. (7) in the spleens of C57BL/6 mice infected i.v. with a massive dose of Mycobacterium bovis BCG, an organism which is nonpathogenic for mice. The ability of suppressor cells to specifically react with antigens would represent a general phenomenon, since antigen-reactive and idiotype-positive suppressor T cells down-regulating both humoral and cell-mediated immune responses have repeatedly been observed in mice rendered tolerant of a variety of nonreplicating antigens and haptens (review in reference 1).
The exact nature of suppressor T cells down-regulating the afferent and efferent arms of DTH to mycobacterial antigens in mice is still a matter of controversy. For example, radiosensitive T lymphocytes displaying the Lytl + and Lyt2+ phenotypes depressed the induction of DTH to M. lepraemurium antigens in C3H mice, whereas radioresistant T lymphocytes expressing the Lytl+ and Lyt2-phenotypes depressed the expression of this DTH (25) . Moreover, (9, 22) or to other DTH-and granuloma-depressing cytokines, such as those described in other infection models (3, 8, 18) .
It is well established that mice infected with intracellularly growing microorganisms, including M. Iepraemurium, develop a state of immune resistance against these organisms (17, 21) . This acquired resistance largely depends on the recruitment of macrophages at the site of infection and on their activation by the macrophage-activating lymphokines produced by the antigen-activated T lymphocytes (5), the activated macrophages possessing an increased bactericidal and/or bacteriostatic activity. As shown in this study, a marked enhancement of mycobacterial growth at the inoculation site and in the spleen and liver was observed when M. lepraemurium-infected mice were treated with SF-containing supernatants at 5 weeks postinfection. The most simple explanation for these results would be that M. lepraemurium-induced SF have the ability to interfere in vivo with the molecular events leading to macrophage activation by depressing, for example, the production of macrophage-activating lymphokines, including gamma interferon. It is well known that interleukin-2 and gamma interferon play a major role in the development of cell-mediated immunity to mycobacteria by enhancing or promoting the bactericidal activity of the macrophages (13, 26) . The possibility that SF can compete for the specific gamma interferon receptors and thus depress the expression of Ta markers on the surfaces of activated macrophages (32) appears unlikely, since the results of in vitro sensitization experiments (Table 2) suggested that SF-treated normal macrophages maintained their ability to process and present mycobacterial antigens (an Ia-dependent mechanism) to the T lymphocytes.
On the other hand, SF-treated normal lymphocytes did not acquire the ability to induce a positive DTH-like response to mycobacterial antigens when adoptively transferred to normal recipient mice. The absence of in vitro sensitization could result from a failure of mycobacterial antigen-reactive T cells to recognize specific antigens and/or to proliferate and differentiate into the DTH-mediating T-cell subset. This interpretation would agree with recent results from this laboratory showing that SF-containing supernatants, at least those which were active in the suppression of the T-cell proliferative response to mitogens, depressed the production of interleukin-2, a lymphokine that plays a major role in the clonal expansion of antigen-reactive T lymphocytes and their differentiation into effector cells (16) . In addition, Ptak et al. (23) demonstrated that the SF induced in mice immunodepressed with dinitrofluorobenzene had the capacity to inhibit the secretion of vasoactive mediators needed for the recruitment of T lymphocytes involved in the development of DTH at the site of the cutaneous reaction. Using the same experimental model, Miller and Jenkins (19) found that dinitrophenol-specific SF could abolish the secretion of the migration inhibitory factor by T lymphocytes involved in the development of DTH. Further experiments will be needed to determine whether SF act either directly at the level of T-cell receptors (e.g., by competitive inhibition) or at the level of cellular proliferation. 
